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@ Nucleating agent for foam molded themfioplastics. 



@ A process for producing structural aromatic polycarbonate thennoplastic foam is provided which 
Involves gas expanston of a melted aromatic polycarbonate thennoplastic resin composition containing 
an amount of a polytetrafluoroethylene nucleating agent The thermoplastic resin compositions 
provided exhibit an Improved unlfomiity of cell structure in the resultant structural thennoplastic foam 
as a result of the incorporation of the polytetrafluoroethylene nucleating agent. The process and 
composittons are useful in the production of stnictural thennoplastic foam articles. 
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Polycarbonate resins, suitable for use in this invention, can comprise non-aromatic as well as aromatic 
forms. With respect to aromatic polycarbonate resins, ttiese can be made by those sl<llled in this art or can 
be obtained from a variety of commercial sources. They may be prepared by reacting a dihydric phenol with 
a carbonate precursor, such as phosgene, a holoformate or a carbonate ester. Typically, they will have recur- 
ring structural units of the formula: 

O 

I 

- O - A -0-C- 

wherein A is a divalent aromatic radical of the dihydric phenol employed in the polymer producing reaction. 
Preferably, the aromatic carbonate polymers havean intrinsic viscosity ranging from 0.30 to 1 .0 di/g (measured 
in methylene chloride at 25° C). By dihydric phenols is meant mononuclear or polynuclear aromatic compounds 
containing two hydroxy radicals, each of which is attached to a carbon atom of an aromatic nucleus. Typically, 
dihydric pehnois include 2,2-bls-(4-hydroxyphenyl)propane; 2,2-bls-(3,S-dimethyl-4-hydroxyphenyl) propane; 
4,4'-di-hydroxydiphenyl ether; bis(2-hydroxyphenyl)methane, mixtures thereof and the like. The preferred ar- 
omatic carbonate polymer for component (ii) is a homopolymer derived from 2,2-bis(4-hydroxyphenyl) pro- 
pane(bisphenol-A). 

Poly(ester carbonates) may be used as the aromatic polycarbonate component and are known and can 
be obtained commercially. Generally, they are copolyesters comprising recurring carbonate groups 

0 
I 

- 0 - c - 0 - 

carboxylate groups 

O 
B 

-c- 0- 

and aromatic carbocyciic groups in the linear polymer chain, in which at least some of the carboxylate groups 
and at least some of the carbonate groups are bonded directly to ring carbon atoms of the aromatic carbocyciic 
groups. These poly(ester carbonates) in general, are prepared by reacting a dif unctional carboxylic acid, such 
as phthalic acid, isophtallc acid, terephthalic acid, homophthalic acid, o-, m-, and p-phenylenedlacetic acid, 
the polynuclear aromatic acids, such as diphenic acid, 1 ,4-naphthalic acid, mixtures of any of the foregoing, 
and the like, with a dihydric phenol and a carbonate pracursor, of the types described above. A particularly 
useful poly(e8tar carbonate) is derived from bisphenol-A, isophthalic acid, terephthalic acid, or a mixture of 
Isophthalic acid and terephthalic acid, orthe reactive derivatives of these acids such as terephthaloyi dichlor- 
ide, or a mixture thereof, and phosgene. The molar proportions of dihydroxy diaryl units can range from 1 :0.30- 
0.80:0.70-0.20 and the molar range of terephthalate units to Isophthalate units can range from 9:1 to 2:8 in 
this preferred family of resins. 

The rubber modified vinyl aromatic graft copolymers are preferably prepared from 5-90 parts by weight, 
preferably from 30-80 parts by weight of vinyl aromatic monomers grafted onto a rubber substrate wherein 
the vinyl aromatic monomer Is selected from the group consisting of styrene, alpha-methylstyrene, styrene 
substituted in the nucleus. A portion of the vinyl aromat ic monomer amount may be be replaced by monomers 
selected from the group consisting of methylmethacrylate, acyionltriie, methacrylonitrile, maleic acid anhydr- 
ide, N-substltuted maleimide, vinyl acetate or mixtures thereof. The rubber component is preferably present 
ata level percent 95-10 parts by weight based on the total weight of the graft polymer, preferably from 70-20 
percent by weight thereof of a rubber having a glass temperature ^10° C. 

Rubbers suitable as grafting bases for the preparatk>n of the graft polymers include in particular polybu- 
tadiene, butadiene/styrene copolymers, butadiene/acrylonitrile copolymers, polyisoprene, EPM rubbers 
(ethylene/propylene rubbers), EPDM rubbers (ethyiene/propylene/diene rubbers containing, as diene, a non- 
conjugated diene such as hexadiene-(1 ,5) or norbornadiene in small quantities) and alkylacrylate rubbers 
based on Ci-Cs aikyacryiates, in particular ethyl, butyl and ethylhexylacrylate. 
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of the platens, core or slide activators, or by combination of these actions toallow the foaming actions to occur. 
These foaming processes are all well known in the art. 

The thermoplastic resin compositions of the present invention comprise a foamable thermoplastic aro- 
matic polycarbonate resin and a fluoropolyoief in nucleating agent present in an amount effective to enhance 

3 the uniformity of the cell structures formed during expansion of the thermoplastic composition during injection 
molding foaming processes. Preferably the nucleating agent is present at a level of from .01 to 1 % by weight 
based on the total weight of said thermoplastic resin composition, more preferably at a level of from 0.01 to 
0.1 % by weight thereof, even mote preferably present at a level of 0.01 to 0.08% by weight thereof, and most 
preferably present at a level of 0.05 to 0.075% by weight thereof. 

10 The thermoplastic resin composition may also contained at least one plasticizer and/or flame retardant. 
Such organic phosphates, organic diphosphates, organic polyphosphates, and halogen containing organic 
compounds such as brominated organic compounds. The composition may contain from 0.5% to 4.0% by 
weight pigments, such as titanium dioxide, based on the total weight of the composition. 

Preferably the polytetraf luoroethylene nucleating agent is incorporated into the composition first pre- 

is compounding the nucleating agent with an amount of at least one thermoplastic resin to form a concentrate 
comprising from 5 to 50 percent by weight polytetraf luoroethylene based on the total weight of the concentrate, 
and then compounding the concentrate with the remaining thermoplastic resins to make the final composition. 

A preferred composition comprises aromatic polycarbonate resin present at a level of from 50% to 100% 
by weight based on the total weight of the thermoplastic resin composition more preferably from 60% to 80% 

20 by weight thereof, and most preferably from 65% to 75% by weight thereof, and further preferably contains a 
rubber modified vinyl aromatic graft copolymer present at a level of from 0% to 50% by weight based on the 
total weight of thermoplastic resin composition more preferably from 20% to 40% by weight thereof, and most 
preferably from 25% to 35% by weight thereof and further contains the polytetrafluoroethylene nucleating 
agent present at a level of from 0.01 to 1 percent by weight based on the total weight of the thermoplastic 

25 resin composition, more preferably from 0.01 to 0.1 percent by weight thereof, even more preferably 0.01 to 
0.08 percent by weight thereof, and most preferably from 0.05 to 0.075 percent by weight thereof. 

The thermoplastic compositions may contain amounts of fillers, for example glass fibers, glass beads, 
mica, carbon fibers, talc, calcium carbonate, metal flakes, metal fibers. The thermoplastic composition may 
be either plastlcized or nonplasticized. 

30 As mentioned above, prior injection molding foaming processes involving thermoplastic materials contain- 
ing traditional nucleating agents such as clay at 0.5 parts per weight have provided problems with respect to 
inability to uniformly expand the thermoplastic material and foam injection molding processes. 

We have found that the addition of polytetrafluoroethylene to thermoplastic compositions of aromatic 
polycarbonate resin and to thermoplastic compositions of blends of aromatic polycarbonate resin and a ac- 

35 rylonitriie butadiene-styrene graft copolymer which are then foam injection molded results in the polytetra- 
fluoroethylene acting as a nucleating agent to generate cells which grow to produce the final foam structure 
during the injection molding process leading to better structural foam cell uniformity. Also as mentioned above, 
traditional nucleating agents are typically used at 0.5 to 1 parts by weight based on the total weight of the 
composition, whereas the polytetrafluoroethylene nucleating agents of the present invention function effec- 

40 lively as nucleating agents at levels below 0.1% by weight based on the total weight of thermoplastic com- 
position, for example 0.07% by weight thereof. 

Examples; 

45 Table 1 illustrates the improved cell uniformity obtained by using the polytetrafluoroethylene nucleating 
agents. 

Thefollowing examples illustrate the effectiveness of the polytetrafluoroethylene nucleating agent to form 
more uniform cell structures. 

Lexan ® aromatic polycarbonate resin (polymerization product of phosgene and bisphenol-A) and Cycoloy 
50 ® resin (blend of an aromatic polycarbonate resin and an acrylonitrile-butadiene-styrene graft copolymer 
(ABS)) were foam injection molded using 6% of a chemical blowing agent to attain a 20% weight reduction 
(Table 1). The addition of 0.02 percent by weight polytetrafluoroethylene (PTFE) to the thermoplastic resin 
improves the cell structure uniformity of the foamed article relative to that of foamed articles from neat ther- 
moplastic resin foamed. The additional PTFE and blowing agent were mixed with the thermoplastic resin pel- 
SS lets and injection molded at barrel temperatures set at 540°F and mold temperature of 100°F. The Lexan ® 
aromatic polycarbonate resin thermoplastic resin corresponded to the grade Lexan ® ML6000 resin supplied 
by General Electric Company, and Cycoloy ® resin grade was C29S0 supplied by General Electric Company. 
Both materials are flame retarded. Lexan ML6000 resin contains a brominated flame retardant and Cycoloy 
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dealing agent. 

6. The process of claim 1 wherein said aromatic polycarbonate resin is present at a level of from 60 to 80 
percent by weight based on the total weight of the thermoplastic resin composition, said rubber modified 
5 vinyl aromatic graft copolymer is present at a level of from 20 to 40 percent by weight based on the total 

weight of the thermoplastic resin composition, and said polytetrafluoroethylene nucleating agent is pres- 
ent at a level of from 0.01 to 0.08 percent by weight based on the total weight of said thermoplastic resin 
composition. 

,g 7. The process of claim 2 wherein said resin composition further contains a piasticizer. 

8. The process of claim 1 wherein said composition Is formed by precompounding said nucleating agent with 
the amount of thermoplastic resin to form a concentrate comprising from 6 to 50 percent by weight poly- 
tetrafluoroethylene based on the total weight of the concentrate, and then compounding said concentrate 
with the remainder of said thermoplastic resin to make said composition. 

9. The process of claim 1 wherein said polytetrafluoroethylene nucleating agent is in the form of microfi- 
brillar polytetrafluoroethylene. 

10. The process of claim 1 wherein said composition further comprises from 0.5% to 4% by weight titanium 
^ dioxide based on the total weight of the composition. 

11. The process of claim 1 wherein said gas expansion is achieved by thermal decomposition of a chemical 
blowing agent present in said composition. 

25 12. The process of claim 2 wherein the resin composition further contains a flame r^rdant. 
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